ABSTRACT
INTRODUCTION
In the last twenty years a lot of work has been put into the development of advanced traffic management and control systems. In Europe and the USA there is a tendency towards the design and implementation of traffic management systems, which will enable harmonization of the traffic process in space and time in order to increase traffic network capacity as well as to enhance traffic safety and provide "righteous" distribution of the green time for all the users. Experiences have shown that this can be realized through unconventional solutions i. e. by means of responsive traffic management. For more than two decades the actuated control systems have been functioning and undergoing improvement and development of the technologies. A large number of algorithms and techniques of actuated control have been applied. Among the most known signal control strategies are the British MOVA (Microprocessor Optimized Vehicle Actuated) and the Swedish LHOVRA (English translation of the acronym -Truck/bus and platoon priority, Main road priority, Incident reduction, Variable amber time, Red-driving control, All red turning).
Despite the flow fluctuations and increased traffic demand in the Macedonian cities in the last fifteen years, the Republic of Macedonia is one of those countries which still employ only the traditional systems of traffic management and control. Those are fixed control systems which burden the network with problems such as increased travel times and travel expenses as well as environmental degradation 1 .
A general something-has-to-be-done call becomes obvious. The best practices have shown that this can be realized through unconventional solutions i. e. by means of responsive traffic management. Although artificial intelligence and its application in traffic management and control systems have already entered the stage, it was concluded that at this point of identified problems one should start from a very reasonable signal control system. The motive behind the research undertaken was two folded. The first research issue was to scientifically prove that vehicle actuated signal control can really be a reasonable substitute for a fixed time signal control, which will enhance the overall signalized intersection performance when the timing parameters and the detector placement distances àrå designed properly. The second one was to indicate that such an advanced control system is feasible and sustainable for the Macedonian cities. This paper focuses on the first research issue only.
For this purpose, a semi-actuated signal control strategy on an appropriately chosen signalized intersection was designed. Since the appropriate detectors placement is considered to be one of the significant parameters of the vehicle actuated control operations, this paper deals with the impact of the detector placement on the overall intersection performance expressed by the delays and the level of service achieved.
During the research, the methods of analysis and synthesis, mathematical-empirical methods, micro simulation (simulation package VISSIM and the program module VAP) were used. tersection. The actuated controllers can be programmed to provide variable phase order, alternating green times for each phase, alternating length of the cycle caused by the alternating green times.
ON THE CONCEPT OF VEHICLE ACTUATED CONTROL
The signal control can be expressed as
where L is the control logic, u k-1 is the management signal in the previous basic interval k-1, µ k-1 . is the detective impulses in the previous basic interval k-1, and k is the basic interval.
The process of actuated control is shown in Figure  1 .
The vast majority of actuated signal installations use inductive loops for detection purposes. The actuated controller can change the length of the green time, which in turn reduces the increase of waiting queues. Thereby, the importance of the appropriate placement of detectors is obvious. Unfortunately, in many installations, the placement of the detectors has been treated as a secondary concern even though vast amounts of money have been approved for the selection of the controller unit.
One of the principal parameters affecting some of the timing parameters (minimum green time, time extension unit, maximum green, the yellow and the all red time) is the placement of the detector or how far it is placed from the STOP line.
Strategies of detectors placement
Experiences show that detector placement strategies vary, but generally speaking, the following analysis is needed: a) placement distance, b) number of detectors c) type of detectors.
The most common form of detection is the Point Detection. It is commonly implemented with a single short inductive loop. In such scheme, a single detector is placed for each approach lane to actuate the controller. The detector gathers information as to whether a vehicle has passed over the detector.
Another strategy is the so called Area Detection. It is provided by using a long inductive loop or series of point detections.
However, the analysis of different signal control strategies cannot allow the conclusion that a larger number of detectors installed would provide a more efficient traffic process.
For the purpose of this research the point detection strategy has been applied. In our case the inductive loop passage detectors have been installed only on the minor intersection lane approaches, with dimensions of 1.1 x 2.0m.
OPERATIONAL ANALYSIS OF THE INTERSECTION PERFORMANCE

Data collection and analysis
A survey of the intersection Partizanska St. -Toso Daskalo St. -Strcin St. in the City of Bitola was carried out (Figure 2 ).
In order to make intersection performance analysis, the following data were necessary: 1) intersection characteristics -type of area, number of lanes, lane width, grade (presented in Table 1 ), 2) traffic conditions (traffic flows, % of HGV and BUS, the peak hour…), 3) traffic signal parameters (cycle length, green time, yellow time). The traffic data were collected on the basis of sixteen hours counting (from 6 a. m. till 10 p. m.) in 15-minute intervals on 4 counting points (approaches 1, 2, 3 and 4). The data processing showed that the peak hour was from 3 p. m. to 4 p. m. The peak hour demand flows in vehicles per hour are depicted in Figure 3 .
The misbalance of the traffic volumes is evident (major flow/minor flow -East, West/North, and South). In certain day periods, the ratio major/minor flow is larger than 3:1, particularly distinctive is Approach 1/Approach 2 ratio (Figures 4 and 5 The indicator for the intersection performance was the vehicle delays 3 at the approaches and the level of service (LOS).
VISSIM is able to calculate the delay per vehicle between two user-defined points. The delay within VISSIM is defined as the average total delay per vehicle in seconds. The total delay is calculated by subtracting the theoretical (ideal travel time) from the real travel time. The theoretical time is the time that it would take to travel between two points if there were no other vehicles and no signal controls within the network.
After the simulation of the above stated two-phase and pre-timed controlled intersection, the following parameters for the operational performance were obtained (Table 3) .
The analysis of the simulation results has led to the following observations: 1. The largest delays appear at the major street (Approaches 1 and 3). The LOS = C;
2.
The minor flow appears to be interesting. For both approaches (2 and 4), LOS=À. This is due to the low vehicle flows. During the simulation process, a state where no vehicles during the green intervals were perceived. (Especially on Approach 2); 3. The general performance is not poor (overall LOS = Ñ); 4. If semi-actuated control is going to be implemented, before-and-after intersection operational analysis has to be made. The outcome results concerning the time losses (delays) will be worthy of note.
DESIGNING SEMI-ACTUATED TRAFFIC SIGNAL CONTROL ALGORITHM
Definition of semi-actuated control model conditions and parameters
The model parameters must be set first: minimum green, maximum green, the yellow and all red time as well as the green extension unit. The traffic conditions to be set concern the green interval termination or its extension on the basis of the vehicle time headways. The data on the number of accumulating vehicles during the red time, and the data on the number of dispersing vehicles during the green time within the cycle were collected.
On the basis of traffic flow conditions in the state of saturation 4 1) the value of saturated time headway amounts to 1.7 seconds, 2) the value of the maximum time headway amounts to 2.0 seconds (limits range from 1.7 to 1.9 seconds), 3) the vehicle speed is defined in the VISSIM network in the range of 30 to 35km/hour (for PC) and of 30 to 25km/hour (for HGV and BUS) (with the speed limit of 50km/hour in urban areas), 4) the non-occupancy inductive loop time (no vehicles present) is equivalent to the desired maximum time headway. For time headway of two seconds, the time of the non-occupancy inductive loop time is one second. This is the time needed for determination of the green extension unit.
With such parameters set, the condition for green extension time was determined: if the non-occupancy inductive loop time is longer than one second, then the phase ends with minimum green time (there is no green extension). If it is less than one second, then the green will be extended for two seconds.
Design of semi-actuated signal control logic
The suggested actuated controller has been designed to work in four phases with allowed left turns and a double barrier. The working principle is the same as in NEMA controllers. According to the condi- Step 2
Step 5
Step 4
Step 3
Step 1 Figure 7 -Design of signal control logic in VAP tions and parameters already set, signal timing design was performed with VAP. The phase development order is shown in Figure 6 .
Within the order defined, the traffic signals operate in the following way: if on the major approach the signal is green and if there is a call on the minor approach, then the counting down for the maximum green time on the major approach starts. When the given value has been achieved, the green time is provided for/switched to the minor approach. If the non-occupancy inductive loop time on the minor approach is longer than the given extension unit (time of passage), then the green time is terminated and switched to the major approach. The model design is performed through the following steps ( Figure  7 ):
Step 1: Defining of the constants;
Step 2: Defining of the conditions;
Step 3: Defining of the phase demands/barriers;
Step 4: Designing of the signal logic (Ring 1 and Ring 2); Step 5: Defining of the yellow and all red time (clearance time logic) for each ring.
Implementation of the algorithm and inductive loops in the VISSIM network
After the model has been designed, two scenarios of the inductive loop placement in VAP were developed. The following time parameters were taken up: 
Discussion
After the simulation has been performed, the Delays and the Level of Service (LOS) for all the approaches and directions of movement were calculated (Table 4) .
For Scenario 2 (the inductive loop is placed at a distance of 8 metres from the STOP line), the output results (delays and LOS) are shown in Table 5 .
A comparison analysis of intersection performance for both types of signal control strategies (pre-timed vs. semi-actuated control) is shown in Table 6 .
The before-and-after intersection performance analysis has led to the following observations: A) Scenario 1 (the inductive loop detector is placed at the stop line): -Major flow delays have been reduced by 30% vs. current state. -The Level of Service has decreased by one level down on the minor flow approaches (from LOS=À to LOS=Â). B) Scenario 2 (the inductive loop is placed at 8 metres from the Stop line): -Delays on both major and minor flows have been reduced by 15% and 12%, respectively. The major flow delay reduction proves that the green interval length is not always a parameter to rely on in order to increase the LOS of that approach. -Minor flow delays have been reduced by 13% and 23% on both approaches (2, 4) This is due to the fact that the controller has the information on the queue length (there is no information on the vehicles behind the loop), which is of utmost importance for the green time distribution on the minor approach. -The overall LOS is B. It has been improved by one level up as compared with the current state. As compared with the current state, the overall delay reduction for Scenario 1 is 17% and 32% for Scenario 2. The reduction of delays for changed detector This analysis has proved that the inductive loop placement has an impact on delays. By increasing the inductive loop distance from the stop line, the LOS improves. With regard to the question whether any intersection operational performance improvement can be expected by further increase of the inductive loop distance from the stop line, the answer will be probably positive. The improvement of the LOS would be insignificant because of the intersection geometry and the major vs. minor flows ratio.
By appropriate inductive loop detector placement in the relation to the stop line and in an interaction with the signal time parameters, the overall intersection performance could be improved (reduction of the delays, LOS increase) but only if the limitation conditions concerning inductive loop placements are taken into consideration. However, the signal time parameters are to be of crucial importance.
CONCLUSION
In case of large traffic flows misbalances (major vs. minor flow), the implementation of a semi-actuated traffic signal control is recommended as good substitution for the conventional pre-timed signal control. The effect of the inductive loop detector placement in relation to the STOP line on the overall intersection performance is being emphasized as of great significance. Therefore, by designing two scenarios for inductive loop detector placement, and with the semi-actuated control algorithm developed and applied in VISSIM, it has been proved that the inductive loop detector placement has an impact on the overall Level of Service (LOS) of the intersection through the delays foreseen.
There are the possibilities for developing new scenarios but they could make the model more complex particularly when modeling the discharge of the minor flow. In relation to the inductive loop placement, this possibility is reduced. Summarizing, adequate placement of the inductive loop detector in relation to the STOP line and in an interaction with the signal time parameters results in an improvement of the overall intersection performance (reduction of the delays, LOS increase). Hence, the detector placement distances have to be considered under the limitation conditions only.
The future developments go in the direction of area detection or as recently published, in lane-to-lane detection. The adaptive control signal strategy is being assumed as of the latest achievements in advanced traffic signal control strategies.
For the Republic of Macedonia, the implementation of advanced traffic signal control strategies will entail the development of equipment and standardization. Criteria have to be defined for putting the systems into operation. It is recommended that: 1) the philosophy of traffic signal control strategies design is to be changed and adjusted as well, 
